Introduction.
In the glass industry, a large number of processes involve the properties of the surface: coatings with either metallic or organic or inorganic materials, reinforcement, corrosion, adhesion, friction, etc. Furthermore, silicate-based glasses might serve as characteristic materials for basic research on insulating surfaces, for instance as a model for fracture, an ideal substrate for thin films or organic layers, a surface for wetting studies. Because the relevant phenomena are more likely to take place at the atomic scale, near-field microscopes are expected to bring a new insight in these fields. In the case of insulators, atomic force microscopy (AFM) is the most efficient technique which can resolve details close to the atomic scale. All the results obtained in air or in liquid demonstrate that in most cases, the development of AFM in ultra high vacuum (UHV) is crucial for a better interpretation of the images. Photon Scanning Tunnelling Microscopy is also very promising, especially if a locally resolved spectrum can be acquired at different locations of the surface; we expect that a spatial resolution of about 1 hum will be achieved in the infrared range.
Experimental results obtained with AFM.
The full description of Atomic Force Microscopy (AFM) will be found in the literature [1, 2] . In this paragraph, we will present results obtained with a commercial instrument from Park Scientific Instruments. When necessary, the capabilities have been slightly improved by using an extemal analog to digital converter. [4] . The method is based on the so-called double layer interaction [5] which takes place between two surfaces in an electrolyte. Each surface becomes charged after proton exchange with the electrolyte. The so-called double layer is made of the surface charges on the one hand, and the rearrangement of the ion concentration in the electrolyte on the other hand. The electrostatic potential due to the presence of a single surface exhibits an exponential decay (03A6 oc exp(2013r/A)) where r is the distance to the surface and A is the Debye length (which is simply related to the ionic strength of the electrolyte [5] [6, 7] suffer from a lack of experimental evidences. Basically, the key phenomena take place at the surface on a very short scale (typically 1-10 nm) and have never been observed so far. For instance, it is generally admitted that faults of about 10 nm wide are responsible for the large difference between experimental and theoretical rupture stress of glass fibers. We have undertaken the AFM observation of two different systems which have a well defined macroscopic behavior: aged glass fibers and indented flat glass.
The ageing procedure in a humid atmosphere is known to weaken the mechanical properties of glass fibers. AFM reveals the existence of rather large defects at the surface, the size of which may roughly account for the change of the rupture stress. The limitation of this approach is that the defects are statistically distributed on the fiber and it is difficult to decide which one prevails for fracture. Therefore, future work will focus on the preparation of controlled defects in the fiber; this should permit to define a model system which will be more easily compared to the theory.
Flaws can be prepared at the surface of glass by conventional Vickers indentation. We have imaged the far end of the crack tip after the load has been released. The end of the fault is roughly 15 A deep and 500 A wide and does not seem to depend on the nature of the glass (bare float glass, annealed float glass or silica). The far end is more like a hollow: the distance across is about 1500 A while the depth is reduced to 7 A or so. It remains difficult to reconcile this shape with any model found in the literature. We plan to study the modifications of this topography when the crack propagates in various environments (e.g. UHV,100% relative humidity, inert gas, etc.). This is aimed to study the role of intermolecular (van der Waals like) forces between the two edges of the flaw.
2.4 ADHESION OF POLYMERS. -As an example of glass-polymer interface, we will discuss the adhesion of polyesterurethane (PU) on float glass. Figure 3 is an image of a typical failure surface (substrate side) obtained after peeling of a 1mm thick film of PU elastomer from a float glass substrate. In this case, no ageing of the assembly has been performed and the failure seems to be interfacial at the optical scale, i.e. occurring at the glass-polymer interface. Moreover, SEM observations predict that a smooth and homogeneous surface is to be found. On the contrary, small and randomly distributed islands of polymer residue are observed by AFM and two of them are shown on the top of the figure. Note that the rather small size of these islands may explain why they have not been detected by other techniques. Between the islands, the roughness is 6 A or so, a value unambiguously larger than the one of bare float glass; this indicates that an ultra thin residue of polymer covers the surface, in agreement with infrared spectroscopy results [8] .
When the assembly is aged after a two-days annealing in a humid atmosphere, the peeling force decreases monotonously down to zero. The failure becomes cohesive, i.e. within the polymer itself, and polymer residue is observed on the whole surface [8] . However, the corrugation revealed by AFM indicates that the fracture of PU is inhomogeneous at the sub-micron scale: the surface consists of a multitude of bumps, more or less connected, and whose height is in the range 1000-4000 A and diameter is about 3000 Â. There is a close similarity between the shape of these bumps and the islands of figure 3: for the non aged assembly, the peaks inside the island are ~ 200 A high and have a diameter distributed around 800 Á. A possible explanation is that the polymer tends to form fibrils during the peeling experiment: when the PU film is torn, these fibrils will eventually break and collapse to form the observed bumps. These results can be interpreted within the interphase model [9] which takes into account the modification of the polymer in the vicinity of the interface. The thickness and the structure of this intermediate region, the so called "interphase", have a strong influence on the mechanical behavior of the assembly. In the case of PU/glass assemblies, the thickening of the interphase is believed to come from the alkaline character of glass, possibly because of diffusion of alkali ions from the float glass into the polymer during the annealing. Assuming that the failure takes place in the weakest part of the interphase, the AFM observations may be described as follows. For non aged assemblies, the interphase is so thin that the failure is almost interfacial: the residue is mainly made up of a thin film of PU, except when some kinc of impurity or surface inhomogeneity has weakened the PU or reinforced the interface at some places (islands in Fig. 3 ). More work is necessary to characterize the nature of these defects, especially to precise the possible role of contamination and charging effects. In the case of a 2-days aged assembly, the failure is clearly cohesive, but large bumps are observed which suggest an organization of the polymer during the peeling test. Note that in all cases, the structure of the peeled surface is heterogeneous at a scale of 100 to 1000 Á. More information on this subject may be found in reference [10] .
2.5 GROWTH MECHANISM OF METALLIC LAYERS. - The growth mechanism of metal thin films on oxides and the adhesion of the final coating are believed to be strongly correlated. In most cases, the relevant interaction could be non-reactive in the sense that no chemical reaction takes place at the interface. The observation of the surface at the first stages of the growth is expected to be an important experiment for identifying the pertinent parameters. Figure 4 shows the AFM observation of a very thin (average thickness of about 10 A) -far below percolation-silver deposit on float glass. Well-defined aggregates of 500-1000 A wide and 15 A thick are observed. These characteristics might be due to the sputtering technique used for this deposition since such large islands are not observed when the metal is directly evaporated on the substrate. It is worth noticing the good wetting of the metal on the glass substrate. Theoretical work based on the dielectric properties of the materials is under progress in our laboratory to try to explain this surprising behavior [11] . Fig. 4 The experimental set-up is based on the total internai reflection arrangement which gives the best lateral resolution in the visible range [12] . So far, we have used two infrared sources: a conventional Globar source (which may be approximated to a blackbody at 1300 K) and a tuneable IR laser, the so-called CLIO source, which is a free electron laser operated at LURE (Orsay) [13] . We routinely detect the evanescent field, an example of which is given in figure 5 in the case of a 5 03BCm wavelength. Comparison with theoretical calculations [14] is satisfactorily achieved for both forward and backward data. More details can be found in reference [15] Preliminary results on spectroscopy are very promising. The characteristic doublet of a thin layer (~ 0.6 JLm) of a photosensitive resin has been recorded in the near field regime by stepping the CLIO wavelength through the IR band of interest. Details can be found in reference [16] . Because of the rather low power per area unit, these latter data have been acquired with a large (1 0 03BCm in diameter) fiber tip. In order to obtain the specifications given above, we will implement another source, a cascade arc, which will permit to increase the signal by about two orders of magnitude.
